Abstract. This article presents a Decision Support System which focuses on an important organizational context: maintenance decisions. Usually, a specific management system is required to deal with data on failure, reliability, maintainability and availability regarding equipment. The maintenance context is surrounded by uncertainty and does not provide a clear profit from its activities, and thus requires a tool which fits in with organizational needs. The tool presented in this paper considers the requirements and approaches of an industrial production system, using concepts and methodologies from Reliability Centered Maintenance (RCM) to establish maintenance strategies, such as inspection and preventive maintenance planning, and also takes into consideration sophisticated MCDA and FMECA models for strategic decision making.
Introduction
The globalized context requires organizations to formulate a strategic plan to ensure their permanency in the competitive market. Despite the heavy investments that many organizations have been making in communications, operations and negotiations, competitiveness requires organizations to maintain a continuous and updated flow of information within the environment of their organization in order to ensure their survival and to position themselves vis-à-vis constant change [1] . Thus, companies are constantly seeking to improve their performance [2] . Improving performance is linked to both the production function and the business function. Both are associated with the strategic objective of the organization. The activities performed in an organization all contribute to maintenance management, since all activities are related to maintaining the reliability of the operational system at a high level by replacing equipment or parts or maintaining operational conditions [3] .
To fulfill its strategic objectives, an organization needs to adopt a management plan that is able to integrate its resources, and its personnel and operational policies. It must also acquire engineering capabilities and technologies that enable it to maximize its performance. In this scenario, maintenance actions are part of the production process and can influence the company's position in relation to its competitors as well as to its business strategy. If this is done, maintenance management may be a production activity that adds to profits rather than only an unavoidable business cost [4] .
The main objective of maintenance management is to plan the operational system and to manage the product (benefit and/or service). Thus, it is premised on its being deployed to supervise and control the occurrence of failures in a production plant. This task can become complicated and the use of methodologies can facilitate understanding how to analyze the context.
One of the methodologies used for the effective management of failure is preventive maintenance. This methodology specifies maintenance activities to ensure the plant functions for a given period of time, and to avoid production stopping unexpectedly. One of the approaches that adopt this methodology is Reliability Centered Maintenance (RCM).
RCM is understood as a procedure that is able to identify requirements for preventive maintenance in complex systems in order to preserve or maintain materials, people and equipment on the production line in acceptable conditions [5] . When RCM is combined with other approaches, it provides a complete understanding of the operational context, and provides management and financial information throughout the organization.
From this perspective, the use of information technology resources can offer some advantages to organizations worldwide, since they enable complex data to be managed and operations to be planned [6] .
The main contribution of this paper is to put forward a Decision Support System for maintenance management. To this end, it will present the methodologies and framework concepts used to model the system as well as a brief study of the system requirements for the maintenance area.
Reliability Centered Maintenance
RCM is an approach that considers the economic prioritization and the security function of the production system; thus, its main contribution is to identify opportunities to do preventive maintenance in order to ensure that any physical component continues to fulfill its operational functions [5] . This is why the flow of preventive maintenance activities must be consistently modeled. In addition, RCM is used to develop and select maintenance alternatives based on the operational, economic and safety criteria of a production system. This method is shown to be a systematic process for managing functional and operational failures [7] .
First of all, RCM identifies the appropriate maintenance tasks for maintaining the current reliability level of resources and people in the production environment, which will reduce costs in the maintenance operation [8] .
Essentially, RCM presents a methodology based on subjective basic questions that may be extended to any applications [9] :
• Is the cause of failure obvious to the operator?
• What is the consequence of failure?
• What tasks can be selected to prevent this failure?
• What is the reason for selecting a specific task?
• What is the suggested scope of the task?
These simple questions enable extensive knowledge about the operational context of organizations to be gained. While the answers are being given, the system is mapped and relevant information about the occurrence of failures is highlighted. This mapping may be presented in the form of a logical diagram in which the steps correspond to those of the RCM.
Main Steps of the RCM
Different sequences for implementing the RCM [6, 10, 11, 12] are identified, but the main benefit offered by this methodology, is knowledge about the entire maintenance process, which depends on the detail level given in the process [13] . In the first instance, the RCM process follows recognizing and identifying the functional requirements of the items in the production context and it establishes the desired reliability levels. For each item, it identifies specified functions and the functional failures associated with them. Then, an analysis is carried out on the failure mode and its effects [14] . This concept is very important for the maintenance context because it analyzes the existing risk in the operational production [15, 16] . Then, the process defines the consequence type observed because of the occurrence of the given failure. These consequences are present in four categories: hidden, safety or environmental, operational, and non-operational [12] . Thus, the process identifies the maintenance actions to be put in place in the production system. In general, two profiles of maintenance actions are applied: preventive maintenance and corrective maintenance. Figure 1 presents the simple process of RCM.
The RCM process offers advantages and opportunities to improve the performance and safety of equipment throughout the production process by minimizing waste and machinery downtime [5] . The effort to maintain a consistent assessment process enables accurate and timely information to be obtained, which are important features for maintenance management [18] .
In the maintenance area some data are considered strategic, especially those regarding the failure rate, downtime, time to repair and all historic data related to these variables [19] . These data are obtained in general from the performance records of a corrective maintenance service and from experts' knowledge.
The logical structure of the RCM process presents consistency for the specification of an information system that is able to process and provide information for the maintenance area. In this treatment, the focus is placed on the context of industrial production, and aims to extract information from the strategic level for maintenance actions [20] .
Strategic level information is characterized by the non-structured data that are presented and therefore the introduction of a Decision Support System (DSS) is timely. The consideration of requirements to shape the system model is important before introducing a DSS.
Maintenance Management System Requirements
Using Information Technology resources presents data processing advantages in the business context. Data treatment offers gains in speed and certainty in the decision making process. Thus, the use of information systems adds value to the operational functions of an organization [21] . Adding value in the production context is crucial for acquiring a competitive advantage in the context of current business, since the trend for consumers to require product differentiation is increasing. In light of these arguments, the acquisition of an appropriate information system is essential.
An appropriate information system is one that not only meets the needs of management in the organization as it provides relevant information for decision making but is also an information system that helps the organization achieve its objectives at different levels: operational, tactical and strategic [22] .
In general, an information system should meet the development requirements imposed by the user of the service. The user's role is to provide information about his/ her preferences and needs with regard to using the information system. Among the requirements are those that refer directly to the characteristics of the information system and the reliability and quality associated with the system. These groups of requirements are defined by the context in which the information system is inserted. In general, an information system must present values for six crucial aspects [23] , which are described in Table 1 . The information system should meet the client´s needs satisfactorily Information Quality
The information system should provide relevant and timely information System Use
The information system should deal with cognition requirements and usability User Satisfaction
The information system should be easy to operate and/or keep in operation Individual Impacts
The information system should enable the user to learn, thus encouraging individual development Organizational Impacts
The information system should have wellinformed data on operational performance
For each operation in the organization there is one information system type that is the most appropriate. In the exercise to define maintenance strategies, the appropriate information system is the one that, in addition to providing operational information, supports the decision-making process. A Decision Support System is a type of information system that has specific functions that enable simulations to be conducted and scenarios to be modeled using a structure with a database of the data on thwe requirements/criteria and a database of the model obtained from dialogic interaction with the user [24] .
For the context of maintenance management, data processing is essential. It is present at all organizational levels. The demand for maintenance management illustrates different perspectives on implementing an information system. These perspectives take into consideration the goal, purpose, use and user of each organizational level.
At the strategic level, the information system for the maintenance area has the following features: its goal is to ensure the cost-effectiveness of maintenance; its purpose, decision support; its main use is for data output (report generating facility, integrating information technology); and its user is the maintenance manager [21] .
The process of identifying the demands on the information system in the maintenance area follows different methodologies. It is important that the steps of the process are outlined so as to meet the real needs of the context. Implementing a Decision Support System for the maintenance area contributes to structuring the subjectivity of the context. Therefore, the occurrence of failures and interruptions to production are registered consistently and this enables the performance of the maintenance to be maximized with regard to preventing or correcting failures. Thus, it comes to be seen as a management tool that adds value.
The use of specific concepts and specific methodologies of the maintenance area assists in processing knowledge and identifying the several factors and elements involved, in context. The RCM process enables interactions of these factors to be identified. Thus, the logical structure of RCM was used to facilitate the modeling of the DSS presented for maintenance management.
A DSS for Maintenance Management
The main goal of this section is to describe and justify a decision support system for the maintenance area. In this perspective, the RCM process was used to outline the application context and the features of the system as per management needs. Thus, the DSS enables the maintenance actions that best suit the scenarios analyzed to be visualized and identified.
System Architecture
Maintenance actions can be applied to different items belonging to the production system. To this end, what must be known are the several interactions between the components of the system and the equipment in operation. This is a requirement addressed by the DSS proposed, which enables complete knowledge of the production system to be obtained. To address this consideration, the DSS presents an architecture comprising modules that enable the complete identification of components and their operations in the production system. DSS has two main modules: (i) a physical module and (ii) a functional module. These are described in Table 2 The cognitive aspects considered include the usability of the components and constant access to information. This requirement is critical to the maintenance area, in view of the constant monitoring of changes. Both modules provide a complete view of the context studied in the maintenance area and allow a direct flow to the users of the system. However, the Functional Module provides consistent features to define the maintenance strategies desired by organization.
Main Flow of the Functional Module
The main flow of the Functional Module of DSS is to insert user data, to validate data by means of the several interactions and to analyze data and, finally, to provide an analysis the results for decision making. All functional features of the module correspond to steps developed by the RCM process. Thus, there are occurrences of failures analysis and criticality analysis of failure modes that form the foundation to define strategic actions to maintain the items in the analysis of the production system. The process undergone by the Functional Module may be represented in five steps which are illustrated in Figure 2 . The steps of the Functional Module of DSS enable a sequence designed for a simple navigation in the system to be viewed. It is important that the requirements of the system are obtained so as to construct this sequence. A hierarchy of the functional components was created in order to design a productive context for the DSS.
Thus, consider a productive process. A system is characterized by a set of items that has a higher functionality. This system can consist of subsystems, and those for other subsystems. Each system or subsystem has a function. This function may comprise several potential functional failures that are described by the conditions of operation of the system or subsystem. Each functional failure can occur in an item or a set of items in the production system. For each occurrence of failure on an item there is a failure mode associated with it. This failure mode informs the manner and context that led to the occurrence of a functional failure. Each failure mode presents essential characteristics to determine its criticality as it is important to identify how critical the failure mode for the production system is.
In DSS this sequence is shown in a hierarchy, which facilitates visualizing and compiling elements in the production context. Figure 3 represents the interface of the functional module of the DSS, with emphasis on the evaluation stage of the critical failure mode.
An analysis of the criticality of the failure mode is a very important resource used to define maintenance actions. This issue is closely related to the levels of risk the organization is willing to face. Many studies have been developed to provide a consistent approach so as to obtain the criticality level of the failure modes [14, 16] .
In the DSS, the criticality analysis is structured by a mathematical model that classifies the severity and risk associated with a failure mode. The information required for this analysis suggests that the user should set qualifying levels of detectability and frequency of failure, as well as levels of severity in line with o the damage: human, environmental, operational and financial, caused by the occurrence of the failure mode in specific equipment the production line, as illustrated in Figure 3 . Fig. 3 . This is the interface for defining the criticality of failure modes. The hierarchy of the items of the production system is shown on the left. The definition of criticality of failure modes is calculated from the data on detectability, frequency and severity.
After acquiring this information, what follows is to define strategic maintenance actions for the production system, especially for the operations of each piece of equipment/item.
Definition of Maintenance Actions
The information extracted from the DSS depends on the frequency of the occurrence of the failure modes of the production system under study. The information contributes to a summarized analysis of the occurrence of failure, a critical step in defining strategies for maintenance actions.
Classifying the severity and the risks is the basis for defining the critical failure mode. This definition is based on a correlation matrix that identifies how critical the occurrence of a failure is for the production system. In turn, the criticality encourages the mechanism to define the maintenance action.
The process of defining the maintenance action considers several aspects, including cost, timing of maintenance and operational safety in the production system. Thus, to establish the most appropriate strategy for the context under study, the DSS follows a specific logical diagram which is guided by the RCM methodology.
Based on the basic issues of the RCM process, questions are designed to outline the context, given the objects observed (system, subsystem, function failure, and failure mode group) that were selected. The questions are provided in a logical sequence while the maintenance action recommended by the system is being defined. Figure 4 represents the interface to define the maintenance action. Fig. 4 . This is the interface for defining the maintenance strategy. The user must answer the questions by following a sequence diagram. This process will recommend the most appropriate maintenance action for the situation.
It is simple to obtain the process for a maintenance strategy. The questions listed are direct ones and the process enables answers to be categorized. This feature adds value to the process, and aims at the usability of the information system. Among the alternatives offered by the DSS are: scheduled restoration, scheduled discards, on condition, redesign, failure-finding, not scheduled, combination of tasks and capacity and training of staff. Table 3 gives a description of each maintenance action recommended by the DSS.
The type of maintenance action recommended will depend on the context analyzed. However, it can be helpful to list the aspects considered relevant to define the strategy process: cost, quality and production performance. From this consideration, it can be concluded that there is a relationship between business strategy and maintenance strategy [25] . The benefits of DSS are moreover based on the type of maintenance action recommended. For these actions that enable the time interval to be analyzed, modeling to estimate the maintenance period based on the inspection and maintenance based on replacing pieces of equipment/items are suggested.
This resource is central to the maintenance strategy, since after learning what to do, it is essential to know when to do it. The results of time analysis are based on mathematical modeling of the specific items of the maintenance area and these are illustrated graphically to the user. Thus, the reports of maintenance activities are consistent since all that needs to be considered doing in the same time period is shown.
Another contribution to define maintenance strategies is the use of multicriteria methods to criticality analysis. The use of multicriteria methods is often in maintenance area in special when complex problems are highlighted in maintenance management systems [26, 27] . Some examples these problems in maintenance area include risk evaluation [28, 29] , outsourcing and logistics [30] , project management [31, 32] and many others.
Conclusion
Investment in information technology in the maintenance area presents is an important resource to strategic position in the competitive context [26] . Since this investment enables value to be added to the decision-making process, it ensures the operational conditions of the organization are satisfactory. DSS provides a logical sequence for the particular definition of maintenance strategies and provides features that allow a wide understanding of the scenario studied. The application of the DSS satisfies the needs of the maintenance area in the industrial context and is able to deliver results and benefits in any organizational context. Thus, it becomes a tool to support operations management and on which recommends strategic activities.
Thus, this prompts the development of research into the interaction between the concepts involved in the maintenance area with the concepts of decision theory. This article also shows that the multicriteria decision-making process can make a contribution to constructing a new perspective on the occurrence and definition of maintenance actions based on analysis of the criticality failure mode.
